This prospective clinical investigation assessed the effect of placement of a Univent® tube on the anatomy of the internal jugular veins and the success of cannulation of the left internal jugular vein. After obtaining informed consent, 48 adult patients were enrolled. Of these, 42 patients were eligible and were divided into two groups: Univent® tube (group U, n=21) and wire enforced endotracheal tube (group C, n=21). The Univent® tube group were having a left thoracotomy. Using horizontal ultrasound scans just above the thyroid gland, the internal jugular vein was visualized and measured before and after Univent® placement. The number of needle passes necessary to cannulate the left internal jugular vein in the two groups was also compared.
Lung isolation techniques are designed to facilitate intrathoracic surgery and to achieve one-lung ventilation 1, 2 . One technique to accomplish one-lung ventilation involves the blockade of a bronchus to allow lung collapse distal to the occlusion (bronchial blocker) using a tube such as the Univent® (Fuji Systems, Tokyo, Japan) 3 . We have noticed that there is significant distortion of the neck after insertion and turning of the Univent® tube. Displacement of the internal jugular vein (IJV) and carotid artery caused by minor changes in neck anatomy due to positioning of a laryngeal mask airway have been described 4 . We presumed that the distortion of the neck caused by the placement of a Univent® tube would result in distortion of the IJVs, rendering venous cannulation more difficult.
This study was performed to evaluate the anatomical changes associated with insertion of a Univent® tube. The second aim was to evaluate whether these changes affect the success rate of left IJV cannulation.
METHODS
The study protocol was approved by the local institutional ethics committee. This prospective, singlecentre study was performed at the Department of Anaesthesia and Intensive Care Medicine at a university hospital. After obtaining informed consent, 48 patients scheduled for minimally invasive direct coronary artery bypass grafting or for coronary artery bypass grafting, with normal anatomy of the neck, were recruited during the study interval of twelve months. At our institution all patients having a left thoracotomy and a need for central venous access have a left-sided cannulation. The left IJV is pre-ferred. Exclusion criteria were the presence of causes of abnormal anatomy such as previous neck surgery or goitre, and small fixed left IJVs which do not distend during a Valsalva manoeuvre. This type of vein is considered unsuitable for cannulation. Patients scheduled for minimally invasive direct coronary artery bypass grafting were intubated with a Univent ® tube (ID 8.0 to 9.0 mm, Fuji Systems, Tokyo, Japan) as part of routine anaesthetic management (group U, n=21). Twenty-one patients scheduled for coronary artery bypass grafting served as a control group (Group C, n=21). In group C, an armoured tube with built-in spiral wire (ID 7.5 to 8.5 mm, Mallinckrodt Medical, Athlone, Ireland) was used for intubation. Patient characteristics recorded were age, gender, weight and height, body-mass index as well as the type of surgery and complications of central venous cannulation. Patient demographics are shown in Table 1 .
After induction of anaesthesia with sufentanil, etomidate and pancuronium, positive pressure venti-lation was applied by face-mask ( Figure 1 ). Anaesthesia was maintained with sufentanil, and sevoflurane in a 70:30 mixture of air and oxygen. To evaluate the anatomical effects, horizontal high-quality ultrasound scans were obtained (group U and group C) using the Sonos 5500 (Philips, Andover, MA, U.S.) with a 7.5 MHz transducer. The carotid arteries and IJVs were visualized at a level just above the thyroid gland. The ultrasound probe was placed perpendicular to the skin at this level. Images of both veins were obtained before and after intubation. In group U, a Univent ® tube was inserted into the trachea followed by turning the tube 90° towards the side of surgery, (left side for minimally invasive direct coronary artery bypass grafting, a 90° anti-clockwise turn). The tube was fixed to the left of the patient's mouth ( Figure 2 ). Correct position of the bronchial blocker was confirmed by bronchoscopy. The post-intubation ultrasonography in group U was performed after turning of the tube but before placement of the bronchial blocker. All imaging was performed by the same individual and stored on videotape for subsequent offline analysis. To quantify the anatomical changes, the lateral diameter and the anterior-posterior diameter of the IJVs were recorded. The cross-sectional area of the veins was measured by planimetry. In group C, the protocol was the same but the trachea was intubated with an armoured tube.
In all patients, the head was maintained in the neutral position throughout the procedures. The carotid artery was identified by palpation. The cannulation of the left IJV was performed midway between the mastoid process and the sternal notch lateral to the carotid artery, without direct real-time ultrasound guidance, in a caudal direction that was adapted to the anatomy seen before by ultrasonography. At this 
RESULTS
Forty-eight patients undergoing either the minimally invasive direct technique or control coronary artery bypass grafting were eligible for the study. The ultrasound scans shown in Figures 3 and 4 are from one patient before and after Univent ® tube placement and serve to illustrate the anatomical changes in the neck.
In the control group (group C, n=21), no changes in neck anatomy were observed with intubation.
The cannulation procedure was more difficult in group U. Significantly more cannulations failed on the first attempt in patients with a Univent ® tube in place (13 first attempt failures of 21 patients) compared with those patients with an armoured tube (5 first attempt failures of 21 patients) (Chi-square 6.22, P=0.025). All cannulations were successful on the second attempt. No significant complications of cannulation were noted in any patient.
DISCUSSION
Cannulation of the internal jugular vein is widely 84 W. SCHUMMER, C. SCHUMMER ET AL Abbreviations-CSA: cross sectional area; AP-diameter: anteriorposterior diameter; SD: standard deviation. performed in various settings by medical staff with different levels of experience 5 . Many techniques have been described. Most rely on anatomical landmarks to indicate the likely position of the vein 6 . Distortion of the IJV position by a goitre is a well-known reason for increased difficulty of cannulation. Distortion by airway management devices, such as a laryngeal mask airway (LMA) has been recognized only recently 4 . Similar to that noticed with the LMA, we noticed a change in the appearance of the neck following Univent® tube placement. The Univent® tube, designed for lung separation techniques, is a rigid double-lumen endotracheal tube incorporating an endobronchial blocker 3 . The inner diameter of the endotracheal tube is small in relation to the external diameter of the Univent® tube 1 . A special feature of this tube is that it represents a C in the frontal plane after rotating the tube by 90°t owards one side. Rotation of the tube substantially facilitates positioning according to our own observations and is in accordance with the manufacturer's instructions. The rigidity and shape of the tube cause the anatomical changes described above and makes blinding impossible.
We observed a considerable displacement of the IJVs and carotid arteries after insertion and turning of the Univent® tube to the operative (in our case, left) side. This, we related to the decrease in first needle pass success rate of the left IJV in group U, which may lead to further complications 5, 7 . Turning of the Univent® tube causes lateral shift of the larynx to the convex side of the tube (in our case, right side). This accounts for the clinical sign of bulging of the neck on the convex side of the tube and the shift from a circular to a flattened cross-section of the left IJV.
Analysis of the effect of a rotated Univent® tube on the local anatomy must take into account the relevant anatomy 8 . Connective tissue tends to be more dense where it is arranged immediately about organs (visceral fascia). The layers of the cervical fascia take their names from their disposition below the level of the hyoid bone: superficial (anterior), pretracheal (middle) and prevertebral (deep, posterior) layers. Condensations of connective tissue around the great vessels and the vagus on each side form the carotid sheaths. The carotid sheath, derived from the cervical fascia, encloses the carotid artery, the internal jugular vein, and the vagus nerve. Within the sheath, each of these three structures has a separate fibrous vestment layer. The visceral fascia communicates mediodorsally with the carotid sheath. There is a close lateroventral connection of the carotid sheath with the pre-tracheal layer of the cervical fascia. The pretracheal layer covers the infrahyoid muscles that attach to the skeleton (hyoid bone, sternum and scapula). As demonstrated in Figure 5 , the ventral part of the internal jugular vein is attached to the inside wall of the carotid sheath by a layer of connective tissue.
Placement of a Univent® tube entails a substantial shift of the viscera of the neck (Figure 6 ). This shift is not limited to the area of the perivisceral space but includes also substantial movement of the neighbouring soft tissues. By means of this displacement of the perivisceral spaces, inevitably the anatomy of the two carotid artery sheaths is affected. There is displacement of this neurovascular compartment. There is compression and/or stretching of this neurovascular compartment (compression on the convex, in our case the right, side of the tube, and a stretch on the concave (left in this study) side). The accompanying deformation of the carotid sheath also has an impact on the IJV due to its adhesion anteriorly to the carotid sheath. The right (convex side) IJV lumen becomes kidney-shaped and is distended dorsoventrally (although this was not reflected in statistically significant changes in the measurements of lateral and anteroposterior diameter and crosssectional area). Clinically, the change in shape of the right IJV might increase the number of cannulation attempts and inadvertent carotid artery punctures, but this hypothesis will require further study. It is also possible that guidewire passage may be hampered if the insertion technique is not adapted (e.g. change of insertion angle) to the change in anatomy.
The IJV on the concave side of the Univent® tube (left in this study) is deformed into an ellipse, which entails substantial flattening. This decreases the anteroposterior diameter making cannulation more difficult and potentially increases the risk of further complications 9, 10 . Complete compression of the vein by the cannulating needle is more likely if the vein is flattened in the AP diameter 11 . This may account for our significantly lower first pass success-rate of left IJV cannulation in group U compared to group C.
Although a strength of the study, the one experienced operator design may have minimized the risk of failed cannulation attempts potentially decreasing the apparent clinical significance of the problem we have demonstrated. The cannulations of the internal jugular veins were not performed under B-mode ultrasound guidance. The number of patients was sufficient to demonstrate the significance of our major hypotheses, but we believe that a number of other parameters would be statistically significantly changed by Univent ® tube placement in a larger study.
The changes we have shown suggest that, in the presence of a Univent® tube which has been appro-priately rotated 90°, the relationships of the IJV with typical external landmarks, such as the sternocleidomastoid muscle, become unreliable. If ultrasound guidance is not available, consideration should be given to cannulation of the IJV before rotation or even placement of the Univent ® tube. If IJV cannulation is performed with a Univent® tube in place, we would recommend real-time ultrasound guidance for the procedure.
